Ischaemic lactate/ammonia tests, serum carnosinase and creatine kinase assays and percutaneous needle muscle biopsies were performed on 10 patients with chronic fatigue sydrome (CFS), and 10 with chronic alcohol misuse complaining of muscular symptoms. Basal serum lactate levels were significantly elevated in the alcohol misusers compared to the CFS patients, but all were within the reference range. Lactate profiles after ischaemic forearm exercise did not differ significantly for the two patient groups. In one patient previously diagnosed as having CFS, myoadenylate deaminase deficiency was identified on the basis of a flat ammonia response to ischaemia and absent muscle adenosine monophosphate deaminase activity. In addition, two further patients in the CFS group were subsequently shown to have other disorders: one had polymyositis and one had myopathy with mild type II fibre atrophy of unknown cause. Histomorphometric examination of muscle needle biopsy in the alcohol misusers showed features of chronic alcohol-induced skeletal myopathy in six patients and polymyositis in one patient. Type II fibre atrophy factors were significantly elevated in the alcohol group but were within the reference range in CFS patients. Dynamic tests of muscle function and muscle histology are valuable tools in excluding alternative pathology in CFS, whereas muscle histomorphometry is of the greatest value in the diagnosis of chronic alcoholic myopathy.
SUMMARY. Ischaemic lactate/ammonia tests, serum carnosinase and creatine kinase assays and percutaneous needle muscle biopsies were performed on 10 patients with chronic fatigue sydrome (CFS), and 10 with chronic alcohol misuse complaining of muscular symptoms. Basal serum lactate levels were significantly elevated in the alcohol misusers compared to the CFS patients, but all were within the reference range. Lactate profiles after ischaemic forearm exercise did not differ significantly for the two patient groups. In one patient previously diagnosed as having CFS, myoadenylate deaminase deficiency was identified on the basis of a flat ammonia response to ischaemia and absent muscle adenosine monophosphate deaminase activity. In addition, two further patients in the CFS group were subsequently shown to have other disorders: one had polymyositis and one had myopathy with mild type II fibre atrophy of unknown cause. Histomorphometric examination of muscle needle biopsy in the alcohol misusers showed features of chronic alcohol-induced skeletal myopathy in six patients and polymyositis in one patient. Type II fibre atrophy factors were significantly elevated in the alcohol group but were within the reference range in CFS patients. Dynamic tests of muscle function and muscle histology are valuable tools in excluding alternative pathology in CFS, whereas muscle histomorphometry is of the greatest value in the diagnosis of chronic alcoholic myopathy.
Additional key phrases: myopathy; ischaemic lactate ammonia test; carnosinase activity; myalgic encephalomyelitis
Chronic skeletal muscle myopathy is a common form of ethanol-induced organ damage and affects between one-third and two-thirds of all chronic alcohol misusers."? The hallmark of chronic fatigue syndrome (CFS) is muscle fatiguability and tiredness for which routine investigations reveal no obvious cause.v" Patients with CFS and its related syndromes usually complain of non-specific skeletal muscle related symptoms, which are often exacerbated by minor physical or mental activity. 7 Chronic alcoholic skeletal muscle myopathy is Correspondence: Dr W S Wassif.
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characterized by type II fibre atrophy, whereas muscle histology in CFS does not show any consistent features. Conventional biochemical markers have not been shown to have a diagnostic role in either condition. It has been claimed that muscle lactate metabolism is abnormal in alcoholic myopathy" but a subsequent preliminary report failed to confirm this finding."
The pathogenesis of CFS and its related disorders is still unresolved. It has been proposed that the underlying pathology may be related to a chronic viral infection that has been handled inappropriately by the immune system,6,IO and various viruses have been implicated.P'!' Abnormalities in T-helper and T -suppressor lymphocytes have been demonstrated, suggesting disturbed immune function and perturbed immune response.'! Cytokine abnormalities have also been proposed in the pathogenesis of CFS and raised serum alpha-interferon concentrations were found in 20070 of patients.'? It has also been claimed, from data on a single patient, that muscle lactate metabolism is abnormal in CFS.J4
Conventional clinical examination and biochemical markers are rarely of any diagnostic value in the investigation of muscular symptoms in alcohol misusers and in patients with CFS. However, they are essential to exclude other organic and metabolic muscle disorders presenting with similar clinical features. Raised creatine kinase activity has proved to be a very insensitive marker of chronic alcoholic myopathy and is rarely present in patients with CFS. Plasma carnosinase activities are reduced by approximately 50% in chronic alcohol misusers with histological evidence of muscle fibre atrophy3, Is but yielded normal values in the majority of patients with CFS in one preliminary report. 16 Although dynamic tests of muscle function have proved to be an important tool in the investigations of various metabolic myopathies, they have failed to show any consistent abnormalities in alcohol misusers. The ischaemic lactate test is used mainly for the diagnosis of abnormal muscle glycogen metabolism. 17 The response of plasma ammonia during ischaemic forearm exercise has mainly been used to screen patients for muscle adenosine monophosphate (AMP) deaminase (myoadenylate deaminase) deficiency. 18 However, neither alcohol misusers nor patients with CFS have been investigated for such a response.
Histomorphometry of muscle tissue obtained by percutaneous needle biopsy remains the definitive method for the diagnosis of inflammatory, myopathic and neuropathic disorders. Alcoholic myopathy is characterised by a selective atrophy of type II muscle fibres.l-" In CFS, such studies have so far revealed non-specific findings, with no evidence of inflammatory response. 19 ,20 The aim of this study was to investigate alcohol misusers and patients with CFS to determine the relative diagnostic value of muscle histology/ morphometry and biochemical investigations including the ischaemic lactate/ammonia dynamic test, serum carnosinase activities and other biochemical indices in these two common muscle disorders.
MATERIALS AND METHODS

Patient details
Twenty patients were studied, 10 patients [age range 28-59 years, mean (standard error of the mean; SEM) 45· 6 (3' 6) years] referred to a muscle disease clinic with a diagnosis of CFS based on standard criteria as defined by the Oxford consensus meeting," and 10 patients [age range 33-59 years, mean (SEM) 46·4 (3' 6) years] referred to a joint alcohol misuse clinic complaining of muscular aches and weakness and other physical problems associated with chronic alcohol misuse. There were nine men and one woman in each group. The alcohol misusers had been consuming in excess of 80 g ethanol per day [mean (SEM) 192 (46) g, range 80-480] for a mean of 15 years (SEM 3· 4 years). The mean duration of symptoms in the CFS group was 6· 9 years (range I· 5 to 20) and in the alcohol misusers was 2· 3 years (range 1-5). Six alcohol misusers had proximal muscle wasting (none had clinical evidence of peripheral neuropathy), whereas physical examination was normal in the CFS patients. Control samples were obtained for carnosinase assay by collecting blood from 16 laboratory staff [8 men, 8 women, age range 23-56 years, mean (SEM) 36·9 (2'2) years] .
Ischaemic lactate/ammonia test Following an ovenight fast, an initial blood sample was taken for the assay of basal venous lactate and ammonia concentrations. A sphygmomanometer cuff was then placed around the dominant arm and inflated to 20 mmHg above arterial systolic pressure. Following exercise of the forearm muscles for one minute, the cuff was deflated and venous blood samples were withdrawn 1, 3, 6 and 10 min later for lactate and ammonia determinations. Plasma lactate was assayed on the YSI Lactate Analyser (Yellow Spring Instruments, Yellow Springs, OH, USA) by means of an immobilised enzyme (L-Iactate oxidase) membrane and sensor probe system. Plasma ammonia was determined on the Technicon RA-XT (Bayer Diagnostics, Basingstoke, UK) using a method based on reductive amination of 2-oxoglutarate (Sigma Diagnostics, Poole, UK), using glutamate dehydrogenase and reduced nicotinamide adenine dinucleotide (NADH).21
Muscle biopsies
Needle skeletal muscle biopsies were taken from the vastus lateralis portion of the quadriceps muscle of the thigh of the non-dominant side using a UCH biopsy needle (Steriseal, Redditch, UK) under local anaesthesia (2070 lignocaine hydrochloride), as described by Edwards et al. 22 Biopsies were snap frozen and stored in liquid nitrogen until sectioned. Frozen sections (6/Lm) were stained with haematoxylin and eosin, periodic acid-Schiff, NADH, succinate dehydrogenase and myosin Mg2+ -adenosine triphosphatase by the Newcastle method 23 ,24 at pH 9·5. Sections stained for ATPase were used to determine fibre numbers and diameters for type I and type II fibres using an Interactive Image Analysis System (IBAS; Kontron Bildanalyse, Germany) as previously described.P Atrophy and hypertrophy factors were calculated as described by Dubowitz/" and their reference ranges have been reported in previous studies. 27, 28 Serum enzymes Serum carnosinase activity was assayed by a sensitive fluorometric method. The amount of L-histidine produced by incubating serum with L-carnosine (50 mmollL) was determined as described by Wassif et al. 3 Creatine kinase (CK) and liver enzymes including alkaline phosphatase (AP), aspartate amino transferase (AST) and 'Y glutamyl transferase hGT) were assayed on the DAX-48 analyser (Bayer Diagnostics, Basingstoke, UK) by standard methods.
Other biochemical tests A biochemical profile including electrolyte, glucose, and calcium concentrations was performed on the DAX-48 analyser using standard methods. Serum concentrations of thyroid stimulating hormone (TSH) and immunoglobulins were assayed by standard methods in patients with CFS to exclude hypoor hyper-thyroidism and to screen for immunological disorders. not normally distributed. Differences between carnosinase activities in alcohol rnisusers, patients with CFS and control subjects were assessed using analysis of variance (ANDV A). Differences were considered statistically significant if P < 0 . 05.
RESULTS
The CFS patients and alcohol misusers were well matched for age and gender (Table 1 ). There were no statistically significant differences in serum albumin or liver enzyme tests between the two groups other than an elevated~T in the alcohol misusers [mean (SEM) 62· 6 (12' 8) U /L compared to 31'8 (10'8) in the CFS group, P<0·05]. Five alcohol misusers and one patient with CFS had~T levels above the reference range. Serum CK was elevated above the reference range in six (60%) of the CFS patients and three (30%) of the alcohol misusers ( (7); P>0·2].
Ischaemic lactate/ammonia tests were performed on all 10 CFS patients and eight of the alcohol misusers. Baseline serum lactate levels were significantly elevated in the alcohol misusers compared to the CFS patients [means (SEM) 1·73 (0'22) and 1·24 (0'15) mmollL, respectively; P<0·05]. However, the lactate profiles after 1 min forearm ischaemia did not 
Statistics
All data are expressed as mean (SEM) of between eight and 10 observations in each group. Differences between means were compared using the Wilcoxon Rank Sum test as the data were differ significantly, both groups reaching peak levels at 1 min (Fig. 1 ). There were no significant differences between baseline and post-ischaemia serum ammonia concentrations in the two groups, Reference range
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although peak ammonia values were reached earlier in the alcoholics than in the CFS group (Fig. 2) . One patient in the CFS group was referred with a 20 year history of myalgia and fatigue after mild exercise. Previous investigations including muscle biopsy, had been reported as normal. As shown in Fig. 3 he exhibited a 'flat' ammonia response curve and reduced lactate levels after forearm ischaemia, strongly suggesting an underlying metabolic defect. Serum CK was mildly elevated and serum carnosinase was within normallirnits. Muscle histomorphometry showed moderate type II muscle fibre atrophy (atrophy factor 306) and histochemistry showed myoadenylate deaminase deficiency (MDD).
Histological examination of stained frozen muscle sections and histomorphometry after staining with myosin Mg2 + -ATPase revealed abnormalities in seven alcohol misusers and three CFS patients. In six of the alcohol misusers there were typical features of a chronic alcoholinduced skeletal myopathy,29 whereas a single patient had an inflammatory infiltrate and features. Histomorphometry of skeletal muscle failed to reveal specific findings in our CFS patients. 19 ,20 Nevertheless, it is important to perform muscle biopsy in order to exclude other forms of myopathy, particularly since they share similar clinical manifestations. A percutaneous needle biopsy is well tolerated and adequate for this purpose. In this study three (30070) patients with long-standing symptoms, previously diagnosed as having CFS, were shown to have underlying muscle pathology. Furthermore, six (60%) of alcohol misusers had typical features of chronic ethanol-induced skeletal myopathy.P In normal subjects, there is approximately a threefold increase in plasma lactate concentration in the one minute sample following ischaemic forearm exercise and a gradual decline in lactate concentration thereafter.!? In chronic alcohol myopathy, there is a selective reduction of type II (anaerobic, glycolytic, fast twitch) muscle fibres 3 ,29 suggesting a defect in anaerobic glycolysis which would be expected to cause an impaired rise in blood lactate following ischaemic exercise. One previous report suggested that the ischaemic lactate test was abnormal in alcohol misusers." It is noteworthy that some of their patients had features of acute myopathy. However, Ward and Peters? demonstrated in a preliminary study that normal subjects and alcohol misusers with type II fibre atrophy achieved a similar rise in serum lactate (>200% basal values) to alcohol misusers without atrophy, and that the lactate response was not influenced by recent alcohol intake. In our study, alcohol misusers achieved a similar response in blood lactate concentration following forearm ischaemic exercise to CFS patients and the response was within the reference range in both groups, suggesting an intact anaerobic glycolytic pathway. However, baseline plasma lactate levels were significantly higher in alcohol misusers compared to CFS patients. This may be attributed to excessive hepatic lactate formation due to metabolic and redox potential changes consequent upon ethanol metabolism.'?
Ischaemic forearm exercise increases plasma ammonia concentration in normal individuals in proportion to the work load. 31 -34 Patients with MDD fail to accumulate ammonia in their skeletal muscle during exercise and exhibit a characteristically flat ammonia response curve." This study demonstrates the value of the ischaemic ammonia test in establishing the diagnosis of MDD, which may be overlooked 10 
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(0) 8 8 4 6 Time (min) 4 6 Time (min) As chronic muscle disorders cause considerable morbidity over a long period of time, adequate investigation is necessary to exclude reversible conditions. In addition to causing alcoholic myopathy, chronic ethanol intake may aggravate other underlying muscle disorders. The chronic fatigue syndrome encompasses a number of related conditions, and therefore is partly a diagnosis of exclusion. In some cases there may be a considerable psychological component exacerbating underlying physical vasculitis compatible with polymyositis. In the CFS group, one patient had a macrophage infiltrate, one had mild type II muscle fibre atrophy, and the patient who was subsequently shown to have MDD had severe type IIA muscle fibre atrophy. Type II fibre atrophy factors were normal in CFS patients [mean (SEM) 109 (44)] but were significantly elevated in the alcohol group [mean (SEM) 315 (89) P<0'05; Table 2 ]. Type I atrophy factors in the two groups were not significantly different, though the mean appeared to be higher in alcohol misusers (Table 2) .
if this test is not performed. Although approximately 140 patients with MDD had been described up to 1989,18 it has been suggested that 2070 of muscle biopsies submitted for histopathological assessment are deficient in AMP deaminase activity." This condition will therefore continue to be under-recognised unless this ischaemic ammonia test is used to screen patients with long-standing muscular symptoms.
CONCLUSION
We have shown that conventional biochemical markers are insensitive in the differential diagnosis of two common muscle disorders. Dynamic tests of muscle function are a valuable tool in the investigation of various metabolic disorders of muscle, and are also of value in excluding alternative pathology in conditions with a non-specific presentation such as CFS. Muscle biopsy remains the definitive and most effective means of providing accurate and valuable information of skeletal muscle disorders.
